ABSTRACT Up to 10% of asthmatics have "difficult asthma"; however, they account for 80% of asthmarelated expenditure and run the highest risk of acute severe exacerbations. An estimated 75% of admissions for asthma are avoidable. Guidelines advise that these patients be managed by an experienced specialist multidisciplinary team (MDT). We aimed to assess the impact of a case management strategy delivered via specialist MDTs on acute healthcare utilisation of patients with frequent asthma admissions.
Introduction
The prevalence of asthma in the United Kingdom (UK) ranks among the highest globally, and consequently the health economic burden of asthma in the UK is considerable [1] . Thus, in the UK, asthma accounts for >65 000 hospital admissions per year with an annual spend of £800 million on pharmaceutical costs alone [1, 2] . Up to 5-10% of asthmatics have "difficult asthma", defined by the British Thoracic Society guidelines [3] as persistent symptoms and/or frequent exacerbations despite step 4 or 5 treatment. Such patients are 20 times more likely to be admitted to hospital [4] , account for 50% of asthma-related expenditure and run the highest risk of acute severe exacerbations [5] . The recent National Review of Asthma Deaths report [2] highlighted the importance of recognising hospitalisation as a predictor of mortality, with 47% of patients who died of asthma having experienced a prior hospital admission at some point.
Asthma is a heterogeneous disease composed of numerous phenotypes, and phenotype-specific therapies promise enhanced treatment success. Several approaches have been used to characterise asthma subgroups including the Severe Asthma Research Program (SARP) study [6] , which identified five asthma subphenotypes using unbiased cluster analysis, including a later onset, non-Th2 obesity related phenotype seen in females with a high symptom burden (cluster 3). Asthma is frequently associated with aggravating comorbidities, including allergic rhinosinusitis, gastro-oesophageal reflux disease (GORD) and obesity. These comorbidities may further influence the asthma phenotype, affecting underlying pathophysiological processes, and/or acting as confounding factors in the diagnosis or assessment of control of asthma. The prevalence of comorbidities seems to be higher in patients with difficult asthma, and may be particularly detrimental to asthma control in these individuals [7, 8] . For example, TEN BRINKE et al. [8] reported that severe nasal sinus disease, GORD, recurrent respiratory infections, psychological dysfunction and obstructive sleep apnoea were all independently associated with frequent exacerbations in patients with difficult asthma.
Optimal management of patients with difficult asthma is reliant upon rigorous systematic multidisciplinary assessment. This approach facilitates confirmation of an asthma diagnosis as well as an opportunity to identify alternative or concurrent diagnoses that may be contributing to persisting symptoms [4] . To achieve this, patients with difficult asthma often require support from tertiary-level specialist services which provide care from a multidisciplinary team (MDT), comprising specialist medical input, psychological support, physiotherapy input and social care with ready access to allied expertise such as allergy services [3] . Case management is a strategy being developed across the UK health service as a tool for improving care for patients with long-term conditions. It is defined as the process of planning, coordinating, managing and reviewing the care of an individual [9] . One of the priorities of this approach is to provide intensive, personally tailored care to the 3-5% of people at greatest risk of hospital admission. The evidence for case management is mixed; however, when implemented effectively it has improved the experiences of patients and healthcare providers [10] , supported better healthcare outcomes [11] and reduced the utilisation of hospital-based services [12] . Factors important in achieving successful outcomes in case management include assigned accountability of a team to the patients being case managed, accurate case finding to ensure interventions target patients with defined case needs, empowering patients to manage their own condition and continuity of care to reduce the risk of unplanned admission to hospital [13] . Limited research exists into using this strategy in delivering asthma care; however, the King's Fund report [14] recommends that commissioning bodies should clarify the needs of their at-risk population and then consider how to organise services to address these needs using a case management approach.
A subgroup of patients with difficult asthma suffer frequent asthma exacerbations and experience repeated hospital admissions. They pose a particular challenge that will be familiar to healthcare providers regardless of geographical location, which we sought to understand better in our own institution in 2010 [15] . Having identified the nature of the problem we subsequently implemented a case management driven MDT approach to manage this group of repeatedly admitted patients with asthma. In this article we report the outcomes of this novel management pathway over a 3-year monitoring period.
Methods
In 2010, we identified a cohort of adult patients with known asthma with high healthcare usage at University Hospital Southampton Foundation Trust (UHSFT) (Southampton, UK). A systematic retrospective search of the hospital database identified adult patients with known asthma (aged ⩾18 years) who had been acutely admitted with asthma on two or more occasions. Four authors (HB, JD, SE and AT) independently reviewed patient electronic and paper records, collecting data on patient demographics, admission details, asthma severity and comorbidity. Any discrepancies were resolved by rechecking the primary source documentation. These patients all had a known prior diagnosis of asthma. That diagnosis of asthma was confirmed during the case management process by reviewing the clinical history along with the patient's lung function results, including bronchodilator reversibility, peak flow diurnal variability or histamine bronchial challenge, where appropriate. Psychological comorbidity was recorded if the patient had a diagnosis of anxiety, depression or psychotic disorder in their general practitioner records or if they were taking anxiolytic, antidepressant or antipsychotic medication. Vocal cord dysfunction was diagnosed by suggestive clinical history and examination (auscultation of glottic wheeze) findings. A clinical diagnosis of dysfunctional breathing was based on a combination of clinical history, examination and Nijmegen score. Diagnoses of salicylate sensitivity, GORD and allergic rhinitis were clinically based using standard defining criteria. High-resolution computed tomography scans were reviewed (if available) for concurrent diagnoses of bronchiectasis or emphysema. Coding data were analysed to determine admission costs. Data collection was performed as part of a clinical service review of the difficult asthma service at UHSFT, and therefore formal ethical approval was not sought.
Results of this initial assessment in 2010 have been reported previously [15] . In summary, patients admitted on two or more occasions accounted for a third of all asthma admissions in 2010. They were predominantly female and commonly had psychological comorbidity (69.4%). Patients with psychological comorbidity showed significantly higher body mass index (BMI) ( p=0.012), prevalence of dysfunctional breathing ( p=0.012) and trends for greater length of stay. The annual cost of repeated asthma admission was £226 536, of which 72.7% was accounted for by patients with psychological comorbidity.
In response to these findings we sought to reduce frequent asthma admissions by introducing a specialist nurse coordinated asthma MDT pathway to case manage such patients both during hospitalisation and subsequent clinic follow-up (summarised in fig. 1 ). If the patient had been admitted with acute asthma in the previous 12 months, was known to the difficult asthma clinic or admitted to a high dependency area, they were triaged to an inpatient team led by a difficult asthma specialist consultant (RJK) with allergy expertise. Otherwise they were managed under a general respiratory team with specialist asthma nurse support. In addition to consultants and nurses, MDT support included a dedicated physiotherapist and a newly appointed clinical psychologist to provide psychological input to address the high prevalence of psychological morbidity among the frequently admitted asthma population at UHSFT. Upon discharge, patients were followed-up in either the asthma nurse led-clinic or difficult asthma clinic, depending on clinical need. To assess the efficacy of this intervention within a service evaluation framework, we repeated the systematic search of the hospital database for patients who had been admitted on two or more occasions in 2011 and 2012 and compared the results to 2010. Our main outcome measures assessed the burden of frequently admitted patients with asthma on hospital admissions and included length of stay (total number of bed days per year) as well as admission costs. Results were analysed using standard nonparametric statistical methods to compare the outcomes over a 3-year period.
Results
Between 2010 and 2012, 103 patients were admitted with acute asthma to UHSFT on two or more occasions per year, comprising 36 patients in 2010, 36 in 2011 and 31 patients in 2012 ( fig. 2 ). These patients were not admitted to any other hospitals with acute asthma during the study period. Only two patients were consecutively admitted on two or more occasions in 2010, 2011 and 2012, and each year the service identified ⩾26 new frequently admitted patients with asthma who benefited from intensive specialist asthma input. Nevertheless, each year this group showed consistent features: patients were predominantly female, obese and had numerous comorbidities (table 1) 
Discussion
In 2010 we identified a subgroup of patients with asthma who were admitted frequently to UHSFT, resulting in a significant burden on hospital resources. Many had features of difficult asthma including a number of aggravating comorbidities including GORD, dysfunctional breathing and psychological morbidity. By identifying the needs of our local population we designed and implemented a specialist asthma MDT care pathway to case manage these patients. This included targeting specific comorbidities identified in our patients, for example with the introduction of a clinical psychologist to manage the high prevalence of psychological morbidity in our patients. We found significant reductions in hospital admissions and bed days for frequently admitted patients with asthma after implementing this case management strategy. Although we recognise that our study is part of a retrospective service evaluation, our data represents a "real-life", well-characterised asthma cohort followed over a 3-year period. The benefits of that approach were seen to be sustained and incremental. Therefore, we feel that this approach could have wider implications for management of patients with difficult asthma and would encourage that the lessons learned from this service review can be implemented elsewhere to improve patient outcomes. An important part of our intervention was the use of a case management approach. This is an established healthcare tool designed to integrate services around the needs of individuals with long-term conditions [14] . Currently there are only a limited number of studies, mainly based in community practice [16] or paediatric care [17] , evaluating the effectiveness of this approach in asthma care. Although it is normally a community-based tool, we have shown effective implementation in secondary care for the management of frequently admitted patients with asthma.
Employing this case management strategy provided a continuity of care that transcended inpatient and outpatient care and facilitated effective carer-patient partnerships. This approach highlights the likely value of continuity of care, which is often emphasised as an important dimension of quality care in primary care, but is not given the same recognition in secondary or tertiary care. Given the complexity of these patients' cases it is certainly worth considering that such continuity of care was a key component in the successful delivery of our care pathway.
We identified ⩾26 new frequently admitted patients with asthma each year, previously unknown to secondary care. This focuses attention on the potential benefit of even earlier identification in primary care aimed at identifying risk factors for admission that might prevent future admissions. In that vein, RYAN et al. [18] proposed SIMPLES as a structured primary care approach to review uncontrolled asthmatics. Such approaches require close cooperation between primary and specialist care, but could further significantly improve asthma outcomes. An MDT strategy is key in managing these patients due to the complex multicomponent nature of their health problems. AT UHSFT we manage patients with difficult asthma as part of a "difficult breathing syndrome", defined as a combination of diverse potential asthma phenotypes plus aggravating comorbidities (such as rhinitis, GORD and obesity) and psychosocial factors. By using a systematic approach in addition to phenotype-orientated treatment of airways disease, possible triggers for worsening symptoms are identified and a personalised therapeutic strategy pursued, addressing the whole patient rather than just their airways disease. Allied health professionals play a central role in supporting this model of care. For example, the multidisciplinary input of a specialist asthma nurse has been shown to improve standards of discharge management for acute patients with asthma [19] . Furthermore, dedicated physiotherapy input in the management of dysfunctional breathing in patients with difficult asthma has shown a clinically relevant improvement in quality of life in conjunction with an improvement in Nijmegen scores [20] . However, while assessment for coexistent psychological comorbidity is recommended, there remains limited evidence supporting targeted psychological intervention in patients with difficult asthma, especially when limited to psychological education, rather than a formal psychotherapeutic intervention [21, 22] . Despite this, we have found the introduction of a clinical psychologist into our MDT highly beneficial in supporting better asthma outcomes. Specifically, our clinical psychologist delivers targeted psychotherapeutic interventions using techniques from cognitive behavioural therapy and acceptance and commitment therapy. In addition, they provide education to the wider MDT ensuring all team members engage in psychological support using a consistent and shared approach. Furthermore, although in this study we have used general practitioner records to identify the presence of underlying psychological comorbidity, in clinical practice this is likely to underestimate prevalence. Therefore, our service now adopts a range of screening tools, as well as proactive questioning during consultations to unmask any underlying psychological issues.
The high prevalence of psychological comorbidity in our cohort (55%) is not unusual in patients with difficult asthma [23] . A recent case series demonstrated similar patient benefits of psychological support strategies for patients with difficult asthma in both our centre and another in the UK [24] . Collectively, these findings highlight the need for larger, well-conducted randomised trials in order to determine the effects of psychological interventions in the management of patients with difficult asthma.
Our results identified our frequently admitted patients as predominantly female (80%) and obese with dysfunctional breathing and psychological morbidity. This may resemble the older female patients (cluster 3) with raised BMI, disproportionately high symptom expression and high healthcare utilisation described in the SARP [6] . HALDAR et al. [25] described a similar phenotype (cluster 2) that was predominantly female, obese and nonatopic. Our data suggest that this relatively small asthma phenotype is responsible for a high number of asthma admissions, and given the resemblance to the phenotypes identified in other studies, may be relevant to other asthma cohorts.
While successful in our hospital, we acknowledge that this case management strategy for frequent asthma admissions may not be readily adoptable in other hospitals. However, we have recently shown that a multidisciplinary approach to difficult asthma care can be successfully delivered away from a specialist centre [26] . If nothing else, this process of developing a local solution to a local problem is to be encouraged and can be used to build required resources. For example, at UHSFT, identifying a high prevalence of psychological morbidity in our frequently admitted patients with asthma in 2010 provided evidence to support successful investment for a clinical psychologist who was key in delivering our MDT asthma care pathway.
